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Computer Center as vel? as o f  mr @in, group participated. I t  was subse- 
quently decided that the most e f f i c i e n t  and economic disposition o f  NASA 
funds *,nrld occur i f  our Group, together with personnei from the Univers i ty  
Computer Center vere t o  develop the necessary apparatus t o  transmit in fo r -  
mation from the microscope t o  the conputer as well as to develop the 
necessary computer progrm t o  deal >fi th the information, \le t*oulc! also 
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Dear S i r :  

This i s  the t h i r d  quarterly progress report submitted i n  accordance 
vi th the requiremnts o f  MASA Contract NASr-169 covering the period from 
1 January 1?& t h t o q h  31 March I%h, 

In general, the work *.hi& we have canpleted thus f a r  indicates 
that  t h i s  project  has three main tasks t o  be car r ied  art a t  the Univer- 
s i t y  o f  Pittsburgh. These are: 1)  the speci f icat ion o f  requi remnts 
for the automatic microscape t o  be bui l t  by a subcontractor; 2) the 
design and construction of the d ig i t a l  equipment required t o  produce 
computer-useable p i c tu re  data; and 3)  implementation of sui table computer 
proqrams f o r  the analysis o f  the above data on a d i g i t a l  computer, 
supplemental funding has been sought t o  procure the necessary equipment 
i n  order t o  carry out these tasks, 
report period 4s described below. 

Some 

Progress made on these tasks i n  t h i s  



1. fhe Automatic Microscope 

Although exact requirements cannot be defined f o r  the micro- 
scope a t  t h i s  time, some prel iminary speci f icat ions have been l a i d  
down, based upon some considerations o f  the overai i  system opera- 
tion, These are: 

a. Automatic operation. That is, the operator should be able t o  
stack several s l ides  i n  the unit and proceed with other work 
?.si thwt fu r ther  contact with the unit. 

b, Universal op t ic  interface. I t  should be possible t o  place any 
camera, such as 35 or  70 mn., or  the input device f o r  the d ig i -  
t a l  scanner, on the microscope, 

C. Coordinate output f o r  use by the d i g i t a l  scanner, I t  may 
prove useful t o  provide information concerning the location of 
the mi  t o t i c  c e l l  on the magnetic tape, 

d, Focus control. The device should  be capable of maintaining 
acceptable focus over the en t i re  slide. 
of "acceptabletg i s  not yet known, 

The exact de f i n i t i on  

e, Background density shouid be cantrol ler! i n  order t o  proi4de 
a uniform image t o  the d i g i t a l  scanner. 
t igh ter  demands upon sl ide preparation, 

This may also place 

f. A reposi t ioning feature may prove useful. That is, given 
dialed-in coordinates, posi t ion the s l i de  t o  the desired mi  t o t i c  
ce l l .  

Firm demands f o r  the microscope can only be made a f te r  con- 
siderable addit ional study o f  the t o t a l  system requirements has 
been ma6e. AlMitiona? invest igat ions are to be made by Perkin- 
Elmer * ihich shoulc' provide supplemental data o f  a nature that  w i l l  
a id  i n  the specif icat ion o f  the microscope unit.  

2. The D i g i t a l  Scanner 

The design of the equipment required t o  convert the resu l ts  o f  
the microscope i n t o  d i a i t a l  data fo r  a computer separates i n t o  two 
sub-areas, the scanner i t s e l f  and the log ica l  u n i t  which controls it. 

The scanner, Vvhich i s  the device t o  convert the l i g h t  image o f  
the m i to t i c  ce!! i n t o  d i g i t a l  formg has been investiaated, Five 
possible designs were considered. 

a, qotat inq mirrors. This design empioys a system o f  spinning 
mirrors t o  move the "spot" {smallest examined area) over the 
picture, I t  suffers  from a changing opt ica l  path which causes 
d i f f i c u l t i e s  i n  maintaining sharp focus and resolut ion over the 
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b. 

C.  

d. 

e. 

en t i re  f ie ld .  Also, very str ingent mechanicai tolerances 
would be required i n  order t o  establ ish a3equate posi t ional  
accuracy . 
Spinning disk. 
sp i ra l  gap ro ta t i ng  past a 0,006" stat ionary gap t o  scan m e  
line, The en t i re  unit moves i n  a d i rect ion perpendicular t o  
the stat ionary gap t o  scan the complete picture. Production 
o f  the six-mil  gaps may tax the state-of-the-art of mechanical 
engraving. I t  would be d i f f i c u l t  t o  attach t o  a microscope, 
and i t  would therefore requi te project ion o f  a photographic 
image, which may cmse loss o f  detai 1. 

This u n i t  u t i l i z e s  a disk ha\ting a 0.006tl 

The lathe-bed scanner. This i s  the device enployec! by the 
National Bureau o f  Standards f o r  scanning micrographs and 
aer ia l  photographs. I t  requires that  an enlargement be made 
o f  the picture, ,which i s  then mounted on a revolv ing drum. 
Set-up time i s  large, even once the p ic tu re  i s  a t  hand. 
time i s  about ten minutes. An adaptation t o  f i lms t r i ps  may 
be possible, but use t o  d i r e c t l y  scan a microscope seems t o  
be infeasible, 

Scan 

Flying-spot scanner. 
tube upon whose face i s  generated a "raster", which i n  tu rn  i s  
focused onto the transparent negative. 
located on the other side o f  the f i l m ,  converts the l i g h t  varia- 
t ions  i n t o  an analog signal. 
direct-data channel connection on the IBM 70% computer. I t  i s  
in f lex ib le ,  i n  that  i t  i s  l im i ted  t o  f i lmst r ips.  

This version consists of a cathode-ray 

A photo-mu1 t i p1  ier, 

Ledley's version requires the 

ITT Image Dissector. I t  
acts l i k e  a te lev is ion  camera, i n  that  an image i s  focuser' 
onto a sensi t i  ve photo-cathode w i th in  the tube, which i s  then 
scanned by d i rec t ing  the sensing beam v i a  a macrnetic def lect ion 
system. Resolution i n  the order of 500 l ines  per inch over a 
two inch surface has been quoted. 
o f  responding t o  a microscope image i s  possible. The cost i s  
s imi lar  t o  that  of the flyfng-spot, but the cos t ly  element, 
the tube i t s e l f ,  has an unl imited l i fe ,  
many sub-components, such as regulated po.:!er supplies, which 
vmu1 d be required w i t h  any scanner. 

This i s  a co ld cathode canera tube. 

L ight  sens i t i v i t y  capable 

The unit p r i ce  includes 

Of these possible systems thus f a r  studied, the f i n a l  one seems 
t o  offer the best means o f  scanning the microscope direct ly,  thus 
reducing turn-around time and cost o f  operation, v h i l e  a t  the same 
time providing the optimum i n  resolution, since there i s  no loss v i a  
intermediate opt ica l  systems. More study i s  needed, ho~ever, before 
any de f in i te  comnitments may be made, 
v i s i t  I lT and t o  Brookhaven and Cambridge t o  observe ex is t ing  scan- 
ners are planned. 

Excursions t o  Fort  \.Jayne t o  
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The conceptual design of the loc ica l  control lao ic  has been 
done, and the plan appears i n  Figure j .  Biock I ,  the scanner, has 
been discussed above. Block 2, the A-D (Analog t a  D i g i t a l )  Conver- 
ter, has been designed and can be b u i l t  a t  any t ime. B i o c k  3, the 
contro: c i rcu i t ry ,  i s  dependent t o  a large extent upon the balance 
of the system and ctesirec! operating features. 
speci f icat ions have been l a i d  down f o r  it, 
tape control, i s  p a r t i a l l y  designed. Block 5, the monitor display, 
i s  a smafl storage oscilloscope, avai lable as a stoc!: i t e m  from 
Tektronix. I t  v i 1 1  display the current p ic tu re  beino scanned and 
of fer  a visual check on system performance, focus, etc. Block 6, 
the matcnetic tape drive, has been placed a t  the temporary disposal 
of t h i s  pro ject  by the Universi ty o f  Pittsburgh Computation Center. 
Howver, i t  must be put i n t o  operating order. Block 7, the output 
scope, i s  a h i  oh-intensi t y  osci 1 loscope equipped v i t h  a camera. 
I t  v i 1  1 serve as an output device, accepting mapet ic  tape prepared 
on a d i g i t a l  coaputer and proeucing the resu l ts  o f  the chromosome 
analysis. The oscil loscope i s  avai lable frm Tektronix, and a 
sui table camera has been seen a t  the recent IEEE show. 

Only prel  iminsry 
Block 4, the magnetic 

3. The Computer ProgramninZ* 

Some prel iminary experiments have been made vhich para1 le1 the 

One i s  wi th  the primary matchina measurement. 
work o f  George Olloore a t  NBS. Several deficiencies have been found 
vdth t h i s  method, 
P2/A, gives a measure o f  the objects general: outl ine, i r respect ive 
o f  the locat ion o f  junctions wi th in the object ( tha t  is, the centro- 
mere). 
hand on 1814 cards, the factor  P3/A was found satisfactory. This 
factor  s t i l l  suffers from the loss o f  junct ion information, Methods 
o f  combating t h i s  par t i cu la r  deficiency are s t i l l  beina sought. 

I n  processing a sample llpicture't, trhich "as prepared by 

On March 23, a t r i p  was made t o  the National Bureau o f  Stand- 
ards t o  have some p ic tures scanned by the Bureau's device. 
gations of these tapes have not yet been productive. 
hovever, that  the factor P3/A does .not y i e l d  sat is factory  matches. 
?esults o f  t h i s  venture may be of l i t t l e  value at  t h i s  time, becwse 
some o f  the v i t a l  de ta i l s  o f  the m i t o t i c  c e l l s  have been obscured by 
the photographic process, such as the increase i n  density a t  cross- 
over$ o f  chromosomes. 

Inves t i -  
I t  was discovered, 

*Computer vork has been sponsored i n  part  by grant number GP-2310 
o f  the National Science Foundation, 
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In addition to the foregoing discussion, preliminary require- 
ments for the necessary maintainence equipment and supplies have 
been established. 
enclosure be designed, complete vi th air-condi tioninq. 

It has also been contemplated that a total system 

?espectfully submitted, 

N i e l  Wald, M.D. 
Professor o f  
?adi ation Heal th 

NbJ: j m  


